Photons emitted in exclusiveB →K1(→Kππ)γ decay are predominantly left-handed and therefore measuring photon polarizations in this mode can test the standard model and probe new physics effects. However such an approach demands the knowledge on the K1 → Kππ decay. In this work, we propose to use semileptonic D → K1(→ Kππ)e + ν decays and determine the photon helicity in a model-independent way. In particular a ratio of up-down asymmetries is formulated to extract the input for K1 → Kππ. Experimental facilities like BESIII and Belle-II can measure this ratio, and accordingly access the photon helicity in B → K1γ.
Introduction.-It is generally believed that the search for new physics (NP) beyond the standard model (SM) can proceed in two distinct directions. On the one side, new particles can be directly produced in high energy collisions for instance at LHC. On the other side, it is of great interest to study various low-energy observables with high precision that can give an indirect search for NP. The photon helicity in inclusive and exclusive b → sγ decays is predominantly left-handed in the SM and thereby its measurement plays a unique role in probing right-handed couplings [1] [2] [3] . A representative example is the left-right symmetric model [4, 5] , in which the photon can acquire a significant right-handed component.
Time-dependent CP asymmetries in B 0 → K 0 S π 0 γ and related decay modes [1, 6, 7] , and angular distributions in B → K * (→ Kπ)γ(→ e + e − ) [8] [9] [10] are sensitive to the interference between left-handed and righthanded amplitudes. However the current measurement of S K 0 S π 0 γ = −0.16 ± 0.22 [11] , compared to the SM prediction −(2.3 ± 1.6)% [12] , does not give any conclusive result for photon polarizations.
Another way to access the photon helicity is to explore the angular distribution in the exclusive B → K res (→ Kππ)γ decay [13] [14] [15] . After measuring the updown asymmetry A UD whose definition will be presented later, the LHCb collaboration gives the only observation of the photon polarization in B → K res γ so far [16] , with A UD = (6.9 ± 1.7) × 10 −2 in the Kππ mass range of [1.1, 1.3]GeV that is dominated the K 1 (1270) contribution 1 . To quantify the photon polarization from the measured up-down asymmetry, the detailed knowledge of K 1 → Kππ is a requisite as a hadronic input. In this direction, theoretical studies have adopted nonperturbative models to parametrize the K 1 → Kππ amplitude, but meanwhile considerable hadronic uncertainties are inevitably introduced [13-15, 17, 18] . Thus how to reliably obtain the hadronic input for K 1 → Kππ is the key problem in this issue.
In this work, we propose to use semileptonic D decays and determine the photon helicity in a modelindependent way. We will demonstrate that the angular analysis of D → K 1 (→ Kππ)e + ν e can provide all the essential inputs without any hadronic contamination. In particular we point out that a ratio of up-down asymmetries in semileptonic D decays exactly mimics the hadronic input in B → K 1 (→ Kππ)γ. The measurement on this ratio by BESIII and Belle-II will help to access the photon polarization, and its right-handed coupling.
Photon polarization in B → K 1 (→ Kππ)γ.-Let us start with a brief review of the determination of the photon helicity in B → K 1 (→ Kππ)γ. The effective Hamiltonian for b → sγ has the general form:
where C 7L,7R are the Wilson coefficients for O 7L,R . Due to the chiral structure of W ± couplings to quarks in the SM, the emitted photon from b → sγ is mostly lefthanded and the right-handed configuration is suppressed by C SM 7R /C SM 7L ≈ m s /m b . Forb →sγ, it is vice versa. The differential decay rate for B → K 1 (→ Kππ)γ can be expressed as a sum of contributions from left-and right-polarized photons, and turns out to be [13, 14, 18] :
Hereafter the θ K is chosen as the relative angle between the normal direction n of the K 1 decay plane and the opposite flight direction of photon in K 1 rest frame.
The coefficient A is a nonperturbative amplitude. The J characterizes the K 1 → Kππ decay amplitude with A(K 1 → Kππ) = ǫ K1 · J. The polarization parameter λ γ is defined as
which is λ γ ≃ −1 for b → sγ and λ γ ≃ +1 forb →sγ and in the SM. Any significant deviation from the above values would imply a signal of new physics.
To measure λ γ , one way is to analyze the angular distribution based on Eq. (2), which however requires large number of data. With the limitation of the current experiments, an integrated up-down asymmetry is more convenient to scrutinize the photon helicity [13] :
The LHCb collaboration has measured the up-down asymmetry in B + → K + π − π + γ [16] , and for the first time established the polarization of photons, with A UD = (6.9 ± 1.7) × 10 −2 at the range of m Kππ = [1.1, 1.3]GeV. Nevertheless it can be seen that, in order to extract λ γ , it is also essential to fathom the hadronic factor Im[ n · ( J × J * )]/| J| 2 . Many estimations on this input factor have been made in either model-dependent or phenomenological approaches [13] [14] [15] [17] [18] [19] . Unfortunately, the current understanding of K 1 → Kππ is very limited, due to the complicated intermediate states of K * π, Kρ, (Kπ) S−wave π and K(ππ) S−wave , and their phases for interferences. Considerable hadronic uncertainties are thus inevitably introduced and beyond control. Therefore, the accurate result of λ γ has never been achieved so far, even though the up-down asymmetry has been well measured.
The key issue in the following is to reliably determine the hadronic input of
Determination of Hadronic Inputs in D → K 1 eν e → Kππeν e Decays.-We now proceed with the angular distribution for D → K 1 (→ Kππ)eν, and demonstrate that the hadronic factor, Im[ n · ( J × J * )]/| J| 2 , can be determined in a model-independent way. With the above conventions, it is undemanding to obtain the angular distribution for D → K 1 (→ Kππ)e + ν e as:
An additional angle θ l is introduced as the relative angle between the flight directions of e + in the e + ν rest frame and the e + ν in the D rest frame, as shown in Fig. 1 .The angular coefficients are given as:
In the above, c 0,+,− corresponds to the nonperturbative amplitudes for different polarizations of the K 1 . The above formula is corresponding to the semi-leptonic decays with electrons whose mass is negligible. For the muon channels, there are some additional terms regarding to the muon mass, but our method is still valid. It is evident that once the angular distributions are experimentally determined, the hadronic input Im[ n · ( J × J * )]/| J| 2 can be obtained by taking a ratio of d 3 and d 2 , or d 4 and d 1 + d 5 .
Measuring the full angular distribution in Eq. (5) requests a large number of data sample. We also propose to explore a ratio of up-down asymmetries (or forwardbackward asymmetries):
It is straightforward to find
which is the exact hadronic factor to be explored. Apparently quantifying the A 2 UD in experiment will help to extract the photon helicity, as shown in Eq. 4.
In D → K 1 (→ Kππ)e + ν, the c + and c − corresponds to the positive and negative polarization of K 1 , respectively. On the one side, through the ǫ · J coupling, the transversely polarized K 1 provides the cos θ K dependence in a similar way with the B → K 1 (→ Kππ)γ. Such a term takes the form Im [ n · ( J × J * )](|c − | 2 − |c + | 2 ). On the other side, the lepton pair is produced by a virtual W boson which couples to the lepton pair through the V − A current. The two transverse polarizations of W boson gives the cos θ l dependence that is proportional to | J| 2 (|c − | 2 − |c + | 2 ). The up-down asymmetries, the numerator and denominator in Eq. (7), are constructed to project them out, whose ratio naturally gives Im[ n · ( J × J * )]/| J| 2 .
Including more K J resonances.-Though the LHCb measurement of B → Kππγ has shown that the K 1 (1270) contributions dominates over other resonances [16] , it is also meaningful to include contributions from more K J resonances, like K 1 (1400), K 2 (1430), K * (1410) with J P = 1 − . In particular the K 1 (1400), K 2 (1430) contribution will interfere with that from the K 1 (1270).
With the above resonating contributions, the B → Kππγ angular distribution now becomes:
The (B, K) and C are nonperturbative coefficients relating to K 2 (1430) and K * (1410) respectively, and their explicit forms can be found in Ref. [14] . Apparently, the photon polarization λ γ can also be extracted through the K 2 contribution or the K 1 − K 2 interference terms, but again such determinations request the knowledge of nonperbative matrix elements, Im[ n · ( K × K * )]/| K | 2 , and Re[AB * ( J · K * )]/Im[AB * n · ( J × K * )].
Including the different resonances, we find that the angular distribution for D → K res (→ Kππ)e + ν reads:
Here the K * 1 denotes the vector K * (1410) meson and its contribution is:
while the D → K 2 (→ Kππ)e + ν contribution is:
The Im[ n · ( K × K * )]/| K | 2 can be derived once the angular distributions are known. The K 1 − K 2 interference is given as:
The c ′,′′ 0,+,− correspond to the nonperturbative amplitudes involving the K * 1 and K 2 resonances. It is necessary to note that neglecting the higher order corrections, c + (c ′ + ) * ∝ AB * , and c − (c ′ − ) * ∝ AB * . As a consequence, the quantity Re[AB * ( J · K * )]/Im[AB * n · ( J × K * )] can be extracted through the angular analysis.
Discussions.-A measurement of the up-down asymmetry by the LHCb collaboration gives A UD = (6.9 ± 1.7) × 10 −2 in the kinematic region 1.1GeV < m K + π − π + < 1.3GeV [16] , with the θ K chosen as the relative angle between the normal direction of p π,slow × p π,fast and the photon flight direction. In the SM λ γ ≃ 1, and therefore the above result corresponds to A 2 UD = (9.2 ± 2.3) × 10 −2 . A significant deviation from the above value would imply the λ γ is not unity and thereby is a clear signal for new physics beyond SM.
On the experimental side, an earlier evidence for D 0 → K − 1 (1270)e + ν has been found by CLEO in Ref. [20] . Quite recently, using the 2.93fb −1 data sample of e + e − collision at the center of mass energy of 3.773 GeV, BE-SIII collaboration has observed D + → K 0 1 (1270)e + ν for the first time with a statistical significance greater than 10σ and the measured branching fraction is [21] :
From the above result for branching fraction, one may infer that a direct measurement of the A 2 UD is feasible in the near future. If so, the photon polarization in B → K 1 γ would be determined reliably. We also expect that a high precision could be achieved taking into account the fact that much more data will be accumulated at BESIII, Belle-II, and LHCb, leaving aside the Super tau-charm factory in the future.
Although the lepton mass has been neglected, we have checked that our method is still valid when the lepton is massive. Thus this analysis also applies to D → K res (→ Kππ)µ + ν µ .
In the above, we have elucidated the method using the angular distribution of D → K res (→ Kππ)e + ν decay, but one can also use the B s → K res (→ Kππ)ℓν and D s → K res (→ Kππ)e + ν decays. An estimate the branching fraction of B s → K 1 ℓν is about (3.65 +2.27 −1.87 ) × 10 −4 [22] , and might be measured in the future. The D s → K res e + ν is a c → d transition suppressed by the CKM matrix element, and needs more data.
Photon helicity and the right-handed couplings are likely different in b → sγ and b → dγ. Thus the B → a 1 (1260)γ → πππγ is also of great interest. Similarly, together with D → a 1 e + ν, the photon helicity in b → dγ can be determined in a model-independent way.
Conclusions.
-After the discovery of the Higgs boson, the primary objective in particle physics now switches to search for new physics. In complementary with the direct search at high energy frontier, the indirect search in low-energy processes can provide valuable information/constraint to the underlying new physics scenario.
Since photons emitted in exclusiveB →K 1 (→Kππ)γ decay are predominantly left-handed, measuring photon polarizations in this mode can test the standard model and probe the new physics effects with large right-handed couplings. However such a procedure requests the knowledge on the K 1 → Kππ decay, and introduces the uncontrollable model-dependence. In this work, we have proposed to use semileptonic D → K 1 (→ Kππ)e + ν decays and determine the photon helicity in a modelindependent way. Particularly we have shown that a ratio of up-down asymmetries can mimic the K 1 → Kππ input. Experimental facilities like BESIII and Belle-II can measure this ratio, and accordingly the photon helicity in B → K 1 γ that provides a direct test of standard model. This analysis can also be generalized to measure the photon helicity in b → dγ in a model-independent way.
